1. Introduction
===============

The role of the human appendix is still not clearly identified. Recent literature shows that the human appendix might be regarded as a part of the immune system because many immunoglobulin-producing cells can be detected in normal appendix mucosa.^\[[@R1]--[@R5]\]^ Therefore, due to the change of immune function after removing the human appendix, people with appendectomy are found to be associated with increased risk of pulmonary tuberculosis, colorectal cancer, rheumatoid arthritis, and ischemic heart disease,^\[[@R6]--[@R9]\]^ but pyogenic liver abscess has not yet been included for study.

In the other hand, previous studies have shown that elevated total bilirubin levels were found in patients with acute appendicitis.^\[[@R10],[@R11]\]^ Several case reports have shown that acute appendicitis could proceed to the development of pyogenic liver abscess.^\[[@R12]--[@R14]\]^ These above findings suggest that the inflammation signal potentially caused by infective focus could be transmitted from the inflamed appendix to the liver.

Pyogenic liver abscess is a major public health problem because of its severe morbidity and mortality. It is an infective disease of the liver caused by various pathogens. Particularly, pyogenic liver abscess often occurs in patients with immunocompromised status, such as diabetes mellitus, malignancy, and splenectomy.^\[[@R15]--[@R17]\]^ However, the role of appendectomy has not yet been included for study.

Based on the aforementioned literature review, we think that there could a link between appendectomy and pyogenic liver abscess based on 2 plausible hypotheses. The first, there could be a bacteremia from the inflamed appendix to the liver. Then, consecutive pyogenic liver abscess might develop later. The second, the change of immune function after removing the human appendix could increase the possibility of pathogens attacking the liver. Then, pyogenic liver abscess might develop later. At present, the information is insufficient on the association between appendectomy and pyogenic liver abscess. If the association really exists, more evidence can be added to the knowledge on appendectomy and pyogenic liver abscess. Therefore, we conducted a population-based retrospective cohort study using the hospitalization dataset of the Taiwan National Health Insurance Program to investigate the following questions: Whether there is a link between appendectomy and pyogenic liver abscess? and What are the possible mechanisms underlying the association between appendectomy and pyogenic liver abscess?

2. Methods
==========

2.1. Design and data source
---------------------------

This population-based retrospective cohort study was conducted using the hospitalization dataset of the Taiwan National Health Insurance Program. Short speaking, this program began in March 1, 1995, which covered about 99% of 23 million people living in Taiwan.^\[[@R18]\]^ The details of the program have been well written in previous studies.^\[[@R19]--[@R31]\]^ This study was approved by the Ethics Review Board of China Medical University and Hospital in Taiwan (CMUH-104-REC2-115).

2.2. Participants, comorbidities, and major outcome
---------------------------------------------------

Using the hospitalization dataset of the Taiwan National Health Insurance Program, the appendectomy group was defined as subjects age 20 to 84 years with newly diagnosed appendectomy since 1998 to 2010 (the International Classification of Diseases \[ICD\] 9th Revision, ICD-9 procedure codes 47.0 and 47.1). To increase a statistical power, for each appendectomy subject, 4 subjects without appendectomy were randomly selected as the nonappendectomy group. Both appendectomy and nonappendectomy groups were matched by sex, age (every 5-year span), comorbidities, and index year of diagnosing appendectomy. The index date was defined as the date of diagnosing appendectomy. Subjects with history of pyogenic liver abscess, amebic liver abscess, or liver transplantation before the index date were excluded from the study.

The comorbidities potentially related to pyogenic liver abscess were included as follows: alcoholism, biliary stone, chronic kidney disease, diabetes mellitus, as well as chronic liver diseases including cirrhosis, alcoholic liver damage, hepatitis B, hepatitis C, and other chronic hepatitis. All comorbidities were diagnosed with ICD-9 codes.

The major outcome was a new diagnosis of pyogenic liver abscess (ICD-9 code 572.0) according to hospital discharge diagnosis during the follow-up period. All study subjects were followed until they were diagnosed with pyogenic liver abscess or to the end of 2011.

2.3. Statistical analysis
-------------------------

The distributions of sex, age, and comorbidities were compared between the appendectomy and nonappendectomy groups using the Chi-squared test for categorized variables and *t* test for continuous variables. The incidence of pyogenic liver abscess was estimated as the event number of pyogenic liver abscess identified during the follow-up period, divided by the total follow-up person-years for each group. The proportional hazard model assumption was also estimated using a test of scaled Schoenfeld residuals. In the model evaluating the risk of pyogenic liver abscess throughout overall follow-up period, results of the test revealed a significant relationship between Schoenfeld residuals for appendectomy and follow-up period, suggesting the proportionality assumption was violated (*P* value \< 0.001). In the subsequent analyses, we stratified the follow-up period to deal with the violation of proportional hazard assumption. Initially, all variables were included in univariable model. Next step, only those found to be significant in the univariable model were further included in the multivariable model. The multivariable Cox proportional hazards regression model was used to estimate the hazard ratio (HR) and 95% confidence interval (CI) for risk of pyogenic liver abscess associated with appendectomy and other comorbidities including alcoholism, biliary stone, chronic kidney disease, chronic liver diseases, and diabetes mellitus. All analyses were performed by SAS software version 9.2 (SAS Institute Inc., Cary, NC). Two-tailed *P* \< 0.05 was considered statistically significant.

3. Results
==========

3.1. Baseline characteristics of the study population
-----------------------------------------------------

Table [1](#T1){ref-type="table"} shows the distributions of sex, age, and comorbidities between the appendectomy and nonappendectomy groups. There were 212,530 subjects in the appendectomy group and 850,099 subjects in the nonappendectomy group, with similar distribution of sex. The mean ages (standard deviation) of the study subjects were 42.8 ± 16.2 years for the appendectomy group and 42.6 ± 16.5 years for the nonappendectomy group (*t* test, *P* \< 0.001). The proportions of alcoholism, biliary stone, chronic kidney disease, chronic liver diseases, and diabetes mellitus were equally distributed in both groups (Chi-squared test, *P* \> 0.05 for all).
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Characteristics between appendectomy and nonappendectomy groups.
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3.2. Incidence of pyogenic liver abscess of the study population stratified by sex, age, and follow-up period
-------------------------------------------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} shows that the overall incidence of pyogenic liver abscess was 1.73-fold greater in the appendectomy group than that in the nonappendectomy group (3.85 vs 2.22 per 10,000 person-years, 95% CI 1.71, 1.76). The incidence rates of pyogenic liver abscess, as stratified by sex, age, and follow-up period, were all higher in the appendectomy group than those in the nonappendectomy group. The appendectomy group age 65 to 84 years had the highest incidence rate of pyogenic liver abscess (11.1 per 10,000 person-years). The analysis stratified by follow-up period disclosed that the risk of pyogenic liver abscess persisted over time, even after 5 years of diagnosing appendectomy (incidence rate ratio 1.20, 95% CI 1.17, 1.23). However, the risk appeared to be higher during the first 1 year of follow-up, particularly during the first 3 months (incidence rate ratio 9.14, 95% CI 8.98, 9.30).
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Incidence of pyogenic liver abscess between appendectomy and nonappendectomy groups stratified by sex, age, and follow-up period.
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Fig. [1](#F1){ref-type="fig"} shows the Kaplan--Meier cumulative incidences of pyogenic liver abscess in the appendectomy and nonappendectomy groups (0.34% vs 0.22% at the end of follow-up; *P* \< 0.001).

![The Kaplan--Meier cumulative incidences of pyogenic liver abscess in the appendectomy and nonappendectomy groups (0.34% vs 0.22% at the end of follow-up; *P* \< 0.001).](medi-95-e4015-g003){#F1}

3.3. Pyogenic liver abscess associated with appendectomy and other comorbidities
--------------------------------------------------------------------------------

Only those found to be significant in the univariable analysis were further included in the multivariable analysis. After adjusted for sex, age, alcoholism, biliary stone, chronic kidney disease, chronic liver diseases, and diabetes mellitus, the multivariable Cox proportional hazards regression model disclosed that the adjusted HR of pyogenic liver abscess was 1.77 for the appendectomy group (95% CI 1.59, 1.97), when compared with the nonappendectomy group. In addition, male (adjusted HR 1.73, 95% CI 1.57, 1.92), age (per 1 year increase, adjusted HR 1.04, 95% CI 1.04, 1.05), alcoholism (adjusted HR 1.81, 95% CI 1.17, 2.78), biliary stone (adjusted HR 2.65, 95% CI 2.27, 3.10), chronic kidney disease (adjusted HR 2.15, 95% CI 1.68, 2.76), chronic liver diseases (adjusted HR 1.64, 95% CI 1.41, 1.92), and diabetes mellitus (adjusted HR 2.67, 95% CI 2.36, 3.02) were other factors significantly associated with pyogenic liver abscess (Table [3](#T3){ref-type="table"}).
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Crude and adjusted HR and 95% CI of pyogenic liver abscess associated with appendectomy and other comorbidities.
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3.4. Risk of pyogenic liver abscess stratified by appendectomy and comorbidity
------------------------------------------------------------------------------

To reduce the potential confounding effect of comorbidity studied, as a reference of subjects without appendectomy and without any comorbidity, the adjusted HR of pyogenic liver abscess was 5.67 for subjects with appendectomy alone and without any comorbidity studied (95% CI 4.78, 6.72) (Table [4](#T4){ref-type="table"}).
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Risk of pyogenic liver abscess stratified by appendectomy and comorbidities.
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4. Discussion
=============

To the best of our knowledge, this is the first population-based cohort study investigating the association between appendectomy and pyogenic liver abscess. In the present study, we noted that overall incidence of pyogenic liver abscess was 1.73-fold greater in the appendectomy group than that in the nonappendectomy. We also noted that, after adjusted for confounding factors, people with appendectomy were associated with 1.77-fold increased hazard of pyogenic liver abscess (Table [3](#T3){ref-type="table"}). However, the incidence rate of pyogenic liver abscess among people with appendectomy seems to be lower than that among people with inflammatory bowel disease by Lin et al\'s study in Taiwan (3.85 vs 6.72 per 10,000 person-years).^\[[@R32]\]^ We also noted that the risk of pyogenic liver abscess persists over time, even after 5 years of performing appendectomy. However, the risk seems to be particularly higher during the first 3 months of follow-up (incidence rate ratio 9.14, Table [2](#T2){ref-type="table"}). In the preantibiotic era, pyogenic liver abscess had ever been a feared complication of acute appendicitis. Based on previous studies showing elevated total bilirubin levels in patients with acute appendicitis, and previous case reports showing acute appendicitis potentially preceding to the development of pyogenic liver abscess,^\[[@R10]--[@R14]\]^ in spite of no definite evidence available in this observational study, we think that the inflammation signal potentially related to infective focus could be transmitted from the inflamed appendix to the liver. In addition, procedural complications of appendectomy could be involved in the liver. Therefore, pyogenic liver abscess might develop later. That could partially explain why the risk of pyogenic liver abscess is particularly higher during the first 3 months of follow-up. However, these findings indicate a further research direction whether conservative treatment of acute appendicitis without surgery could reduce the development of consecutive pyogenic liver abscess.

In order to clarify whether there could be another plausible link between appendectomy and pyogenic liver abscess, not related to infective focus from the inflamed appendix or procedural complications, we made a further analysis. That is, subjects with diagnosis of pyogenic liver abscess within 1 year after performing appendectomy were excluded. We noted that there were 272 events of pyogenic liver abscess and 1,280,952 person-years in the appendectomy group, and 938 events of pyogenic liver abscess and 5,153,503 person-years in the nonappendectomy group. The incidence of pyogenic liver abscess was 1.16-fold greater in the appendectomy group than that in the nonappendectomy group (2.12 vs 1.82 per 10,000 person-years, 95% CI 1.15, 1.19, table not shown). Although the risk of pyogenic liver abscess seems to be slightly decreased (overall incidence rate ratio 1.77 vs 1.16), these findings further highlight that the risk of pyogenic liver abscess still exists among those with appendectomy 1 year later. The risk seems to be not related to infective focus or procedural complications. The risk substantially persists over time, even after 5 years of diagnosing appendectomy (incidence rate ratio 1.20, 95% CI 1.17, 1.23, Table [2](#T2){ref-type="table"}).

Because the proportions of alcoholism, biliary stone, chronic kidney disease, chronic liver diseases, and diabetes mellitus were equally distributed in the appendectomy and nonappendectomy groups, the confounding effect caused by comorbidities studied could be minimized. In an additional analysis stratified by presence or absence of appendectomy and comorbidity, even in absence of any comorbidity studied, people with appendectomy were still associated with increased hazard of pyogenic liver abscess (adjusted HR 5.67, Table [4](#T4){ref-type="table"}). These findings indicate the increased hazard associated with appendectomy cannot be entirely attributable to the effect of comorbidities studied. Appendectomy could play an important role on risk of pyogenic liver abscess, independent of comorbidities studied.

Moreover, the pathogenesis of appendectomy associated with pyogenic liver abscess could not be entirely discerned in this observational study. Yet no similar research can be compared with each other. We reviewed the relevant literature and summarized the plausible explanation of this association. Recent literature shows that the human appendix might be regarded as a part of the immune system because many immunoglobulin-producing cells can be detected in normal appendix mucosa, particularly with immunoglobulin-G and immunoglobulin-A.^\[[@R1]--[@R5]\]^ Therefore, due to the change of immune function of the bowel after removing the human appendix, the bowel pathogens could more easily ascend to attack the liver via the bile duct system, and as a consequence, pyogenic liver abscess might develop later. Similarly, due to the change of immune function, people with appendectomy are also likely to be associated with increased risk of pulmonary tuberculosis, colorectal cancer, rheumatoid arthritis, and ischemic heart disease.^\[[@R6]--[@R9]\]^ However, more studies are needed to clarify these associations.

Some limitations in this present study should be discussed. First, the diagnosis of appendectomy and pyogenic liver abscess is not directly adapted from clinical documentation. It is based on the ICD-9 codes recorded in the hospitalization dataset. Although we cannot provide sensitivity/specificity of single code for appendectomy or pyogenic liver abscess, according to the medical quality in Taiwan, the accuracy of diagnostic code based on hospitalization diagnosis could be confidently believed. Second, comorbidities included were all diagnosed with ICD-9 codes. The diagnosis accuracy based on the ICD-9 codes has been extensively assessed in previous studies.^\[[@R33]--[@R40]\]^ Third, due to the inherent limitation of this dataset used, there was no record on types of acute appendicitis. We cannot distinguish between perforated and nonperforated appendicitis. Whether the perforation per se is a risk factor for pyogenic liver abscess cannot be determined in this observational study. Fourth, due to the same limitation, there was no record on the bilirubin levels in this dataset. We cannot differentiate whether patients with appendectomy have elevated total bilirubin levels or not. Fifth, the incidence rates of pyogenic liver abscess of 3.85, respectively, 2.22 per 10,000 person-years are low (Table [2](#T2){ref-type="table"}). Consecutively the statistically significant HR of pyogenic liver abscess associated with appendectomy turns out to be tiny if expressed in the difference of absolute values. Nevertheless, this is the first time to find the association between appendectomy and pyogenic live abscess based on a systematic analysis.

Despite the limitations, some strengths of this study should be addressed. This is a novel observation using a large, population-based dataset with nice statistical analyses. We firstly suggest that appendectomy is associated with pyogenic liver abscess. The hypothesis, methodology, and discussion are well written. The results are impressive. It delivers up-to-date biomedical information on the knowledge of appendectomy and pyogenic liver abscess.

In conclusion, appendectomy is associated with increased hazard of pyogenic liver abscess, independent of alcoholism, biliary stone, chronic kidney disease, chronic liver diseases, and diabetes mellitus. The more plausible pathophysiological mechanisms underlying the association between appendectomy and pyogenic liver abscess might be related to infective focus transmitting from the inflamed appendix to the liver, or immunosuppressive status caused by appendectomy. More research is needed to examine issues related to the pathogenesis of appendectomy associated with pyogenic liver abscess.

Abbreviation: ICD-9 code = International Classification of Diseases, 9th Revision, Clinical Modification.
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